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EXECUTIVE SUMMARY 


Maintenance dredging involving the removal of 840,000 yd’ from the New Haven 
Harbor main navigational channel took place between October 1993 and January 1994. 
Concern about the transport and fate of the resuspended sediments resulting from the 
dredging operations was expressed by the State of Connecticut’s Department of 
Environmental Protection (DEP). The problem centered on the shallow water areas flanking 
the navigation channel which had been identified as winter flounder spawning grounds. An 
agreement was reached wherein field surveys, using an acoustic echo sounder, would be 
conducted while the dredge was operating. Additionally, a bottom-mounted instrument 
array, recording suspended sediment concentrations and other hydrographic parameters, 
would be deployed near the site of the flounder spawning grounds. This monitoring of the 
dredged sediment plume would provide a case history for future reference. 


The two major objectives of the study were to 1) establish what the background 
suspended sediment concentration is before and after dredging, and 2) document the 
movement of the dredge plume relative to fishery resource areas such as winter flounder 
spawning grounds. 


The results of the acoustic surveys revealed that the dredge-induced sediment plume 
did protrude into the shoal areas to the east and west of the main navigation channel. These 
excursions onto the shoals occurred only when the dredge was in the immediate vicinity. 
The DAISY, which was deployed on the eastern edge of the winter flounder spawning area, 
also showed elevated suspended material concentrations attributable to the dredge operating 
in the upper reaches of the harbor. The time series of DAISY data showed numerous 
aperiodic short duration spikes of approximately 100 mg-I!. The observed concentrations 
were an order of magnitude larger than the predredging background concentrations. 
However, in the last half of the deployment, while the dredge was located well south of the 
DAISY site, there were several long duration (1-3 days), very high concentration 
perturbations. During these events concentrations reached 700 mg-I' which could not be 
related to dredging operations. Evidence from meteorological data and sewage effluent 
records indicate that these events are likely a result of winds and wind-generated waves, 
alone or in combination with, discharges from wastewater treatment plant outfalls. 


Based on these findings, dredge-induced sediment resuspension is a minor 
perturbation relative to the much longer duration, larger amplitude events associated with 
wind, wind waves, and effluent discharges from outfalls. The effects of dredging related 
spikes in suspended sediment on the winter flounder spawning grounds, and the regional 
water quality in general appear limited in duration and of relatively low amplitude. 
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1.0 INTRODUCTION 


During the period October 2, 1993 through January 31, 1994, the U.S. Army Corps 
of Engineers, New England Division (NED), conducted maintenance dredging of the 
navigational channel in New Haven Harbor, Connecticut (Figure 1-1). This operation 
removed approximately 840,000 cubic yards of sediments which were then disposed at the 
Central Long Island Sound Disposal Site (CLIS). Prior to the initiation of this project, the 
State of Connecticut Department of Environmental Protection (DEP) expressed concerns 
regarding the potential dispersion of sediments resuspended by dredging and the deposition of 
these materials in areas defined as being "environmentally sensitive" because of their 
frequent use by flounder as a spawning area. These spawning grounds are located to the west 
of the federal navigational channel and to the north of the inner breakwater adjoining Sandy 
Point (Figure 1-1). Additional flounder spawning areas may be found at the southeastern 
limit of the harbor, within Morris Cove. In response to DEP concerns, the NED initiated a 
field investigation designed to monitor dredge-induced resuspension and to detail the area 
affected by the dispersion of these materials. This report provides a summary and discussion 
of the observations obtained as part of this investigation. 


The major objectives for the field investigation of dredge-induced resuspension and 
the associated dispersion were defined as follows: 


@ To determine the normal background levels of suspended materials 
in New Haven Harbor immediately prior to and during the dredging 
of the federal navigational channel in the fall of 1993. 


@ To monitor the plume of materials suspended by dredging 
operations during flood and ebb tidal conditions to determine a) the 
spatial extent of the plume and b) its trajectory relative to the areas 
identified by the State of Connecticut Department of Environmental 
Protection as winter flounder spawning areas. 


The study area lies within New Haven Harbor, Connecticut’s largest port facility. 
Most of the tonnage entering the harbor is in the form of petroleum products, transported via 
tankers which use the 10.5 meter dredged navigation channel. Three tributaries feed into 
New Haven Harbor, the West River, the Mill River, and the Quinnipiac River. Both the 
West and Mill Rivers are small; the West River is only 3 km long and the Mill River’s 
source, Whitney Lake, is less than 10 km from the harbor. The input from these two rivers 
can be considered negligible. Freshwater contributions from the Quinnipiac are also minor 
relative to the total flux of water in and out of the harbor (Richards 1988). The annual mean 
flow from the Quinnipiac gaging station in Wallingford, CT, for the period of record 1931 to 
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1994, is 6 m*:s?. For comparison, the annual mean flow from the Connecticut River, the 
largest freshwater source to Long Island Sound, is 500 m?-s! (from 1928 to 1994). Natural 
depths within the harbor rarely exceed 4 meters. The navigation channel is flanked by broad 
shallows, most notably Shag Bank on the western side with a mean depth of 0.5 meters. 
Morris Cove, a large shallow embayment at the southeastern limit of the harbor, has a mean 
depth of approximately 3 meters, except for an abandoned borrow pit located near the middle 
of the cove, with a maximum depth of 11 meters. 


2.0 METHODS AND PROCEDURES 
2.1 Field Surveys and Water Sampling 


A Raytheon Model DE719C® 200 kHz echo sounder was used for detecting the lateral 
and longitudinal extent of the suspended sediment plume. Transects were run cross-channel 
in an east-west orientation, with usually one transect up current of the dredge as a control, 
followed by several transects down current. A 1.7 liter Niskin bottle was used to collect 
water samples. On recovery, all water samples were stored in prerinsed plastic jars and 
returned to the laboratory for analysis. Concentrations of suspended sediment were 
determined by vacuum filtration through dried and preweighed Nucleopore® membrane filters 
(47 mm diameter, 0.40 micron pore size) mounted in standard Millipore® filtering apparatus. 
Navigation data were acquired using a Magnavox MX200® GPS Navigator with an MX-50R® 
Differential GPS Beacon Receiver attached to a notebook computer for continuous recording 
of ship position along each of the transect lines. A Seabird Electronics SBE-19 Seacat 
conductivity, temperature, and depth (CTD) probe was employed for obtaining hydrographic 
data, whenever possible during a survey, to assess the vertical structure of the water column. 


2.2 DAISY Deployments 


Concurrent with the above field operations, a single bottom-mounted instrument 
array, DAISY (Disposal Area In situ SYstem), was deployed to provide time series 
observations of hydrographic conditions and suspended material concentrations at a single 
point. The array was located immediately adjacent to the western edge of the navigational 
channel, along the eastern boundary of the winter flounder spawning area (Figure 1-1). 
Instruments mounted on the array included a single two-axis electromagnetic current meter, 
temperature and conductivity probes, two optical sensors to detail suspended material 
concentrations, and a datalogger for storing the data. The optical sensors were calibrated in 
the laboratory prior to deployment using sediments obtained from New Haven Harbor. All 
instruments were positioned to sample conditions at a point approximately 1 meter above the 
sediment-water interface. The logger was programmed to burst sample at a rate >f 0.5 Hz 
for a period of one minute, average the burst, and store data, four times each hour. Data 
were recorded in digital binary format, stored in RAM, and downloaded during servicing to 
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a shipboard portable computer for subsequent analysis. A 20 foot Privateer, owned and 
operated by the University of Connecticut, was the boat used for all field surveys and array 
servicing. 


3.0 RESULTS 
3.1. Field Surveys 


Of eleven field surveys attempted, nine were successful. One survey was abandoned 
due to inclement weather, and a second survey terminated due to mechanical difficulties on 
the dredge. The nine completed surveys, encompassing 65 transects, were conducted while 
Great Lakes Dredge #54 was operating in the interior reaches of New Haven Harbor. Reach 
limits, defined by Great Lakes Dredge and Dock, Co., are shown in Figure 3-1. Daily 
volumes of dredged sediment from the various reaches are plotted in a histogram (Figure 3- 
2). The barge used an open clamshell bucket with a capacity of 19.9 m®. The surveys 
spanned the period from October 25 through November 18, 1993. Local weather and tidal 
conditions observed for each survey are summarized in Table 3-1, as well as the latitude and 
longitude of the barge location, and sampling activities. Dredge locations for all of the 
surveys are shown in Figure 3-3. The locations were determined by encircling the barge 
while running the GPS; if GPS was unavailable a symbol is used to denote the barge. A 
time series of the meteorological conditions, recorded at Norwalk Harbor by Northeast 
Utilities, during the dredging period is shown in Figure 3-4 and a summary in Figure 3-5. 
All of the echo sounder traces recorded are presented in Appendix A; plotted casts from the 
CTD are located in Appendix B. 


The first survey took place on October 25; the dredge was located near the United 
Illuminating Company electric generating facility on the eastern side of the harbor (Figure 3- 
6). Echo sounder transects were run during the end of the ebb; tidal currents were slacking. 
The horizontal distribution of the dredge-induced sediment plume for this survey, and all 
subsequent surveys, is displayed as a heavy line on a transect (e.g., Figure 3-6, A) whenever 
material was present in the vertical. The resulting traces indicate that a plume is advected 
downstream within the confines of the channel for a distance of at least 250 meters (Figure 
3-7). Throughout this survey the dredge was located near the United Illuminating outfall; 
thus, it is difficult to determine whether or not all of the echo sounder record is directly 
attributable to dredging operations (e.g., Figure 3-8). There is no indication of the plume, 
regardless of its source, migrating cross-channel to the bounding shallows along the western 
edge. Water samples collected near the United Illuminating outfall do show a significant 
decrease in the ambient salinity (Table 3-2). Specifically, samples #21 and #26 are 19.9 and 
21.6 practical salinity units (psu), as compared to an average of approximately 26.5 psu for 
all surface water samples collected. 
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Two surveys were completed on November 2. A survey was run during maximum 
flood while the dredge was stationed south of the Gateway Marine Terminal (Figure 3-9) and 
another survey was conducted during the early ebb, after the barge moved north of the 
terminal (Figure 3-10). The flood survey indicated that the plume extended northward for 
approximately 400 meters. The United Illuminating outfall, located approximately 600 
meters north of the barge, obscured the plume signal, and plume tracking in this region was 
terminated. A small patch of the plume was observed to the west of the main channel, in 6 
meters of water, 400 meters north of the barge (Figure 3-11). The survey run during the 
beginning of the ebb shows that considerably smaller patches of the plume were advected 
along the channel for a distance of approximately 250 meters south of the barge (Figure 3- 
12). A small patch was observed 150 meters north of the barge, possibly a relict from the 
previous flood. Dredge operations stopped and started throughout the survey, which may 
explain the smaller, more variable nature of the patches. The CTD data, collected during the 
early ebb, shows only slight density stratification (2-3 psu) within the top 2 meters, due 
mainly to the proximity to upstream sources of fresher water, i.e., the Mill and Quinnipiac 
Rivers. Surface to bottom temperature differences were less than a degree. 


The next day, November 3, the dredge was located in the vicinity of navigational 
buoy "17" (Figure 3-13). The survey was completed during the first two hours of the ebb; 
dredging was intermittent throughout the day. The plume trace was lost within 125 meters 
downstream (Figure 3-14). Results of this survey were difficult to interpret due to 
interference from wave turbulence; however, surface patches of black plume water were 
visually spotted (no evidence of plume traces on the echo sounder) within the navigation 
channel as far as 250 meters downstream. CTD data indicate a nearly vertically homogenous 
water column with temperature differences from surface to bottom of less than a degree and 
salinity differences of less than 2 psu. 


The dredge was located near buoy "16" (Figure 3-15) during two ebb surveys 
conducted on November 11. Results of the first ebb survey, run during maximum ebb 
currents, indicated that the plume traveled approximately 525 meters downstream along the 
east bank of the channel (Figure 3-16) with excursions of 200 meters eastward onto the 
adjacent shoals. The second survey (Figure 3-17), during the latter half of the ebb, shows the 
plume again hugging the east bank for a distance of only 200 meters (Figures 3-18). 
Currents were slack by the end of the last transect. The majority of the plume observed 
during this second survey resides in deeper water with only minimal excursions (within 50 
meters) over the adjoining shallows. Plume distributions in this area display some of the 
characteristics of a density current, i.e., a gravitationally induced density contrast between 
the sediment-laden plume and ambient waters (Figure 3-19). CTD casts, taken between the 
two surveys, indicate a well mixed water column with negligible stratification. 
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Only one survey near the end of the flood tide was attempted on November 15 due to 
deteriorating weather conditions (Figure 3-20). The barge was located to the west of Morris 
Cove on the eastern edge of the navigation channel. Patches of the plume were observed in 
the echo sounder record as far as 900 meters northeast of the barge, outside of the channel in 
Morris Cove (Figures 3-21). The plume protruded onto the shoals a maximum distance of 
700 meters from the east edge of the channel. The CTD profiles show minimal vertical 
density stratification, indicating a homogenous water column. By the next day, November 
16, the dredge had moved north about 300 meters, still along the eastern edge of the 
navigation channel (Figure 3-22). One survey was completed just before maximum ebb. 
Remnants of the plume were observed in Morris Cove, east of the channel, approximately 
700 meters downstream of the barge (Figure 3-23). Plume traces were poorly defined and 
difficult to interpret during this survey. The CTD data, collected along the axis of the 
channel, show weak vertical and horizontal density gradients. 


The final survey took place on November 18; the dredge was initially positioned near 
buoy "15" and proceeded slowly northward throughout the survey to a final position 
approximately 60 meters from its origin (Figure 3-24). One survey during maximum flood 
currents was conducted. The echo sounder record shows a patch of the plume in the channel 
nearly 600 meters upstream of the dredge barge (Figures 3-25). Small patches were detected 
outside of the channel, to the east and west, but generally only for short distances — within 
100 meters. Plume definition throughout this survey was generally good. Again, the CTD 
profiles were obtained along the axis of the channel and indicate weak vertical, as well as 
horizontal, density gradients. 


3.2 | Water Sampling 


During most of the plume surveys, water samples were collected to ascertain the 
relative amounts of suspended sediment with distance from the dredging operations. The 
results of this sampling are summarized in Table 3-2 and the location of each water sample 
relative to the barge is shown in the Figures 3-6, B; 3-9, B; 3-10, B; 3-13, B; 3-15, B; 3-17, 
B; 3-20, B; and 3-22, B. The highest concentration measured (662 mg-I') was located 
within 100 meters of the barge and associated with the near bottom waters. Indeed, most of 
the higher concentration data were within a 100 meter range of the barge, regardless of the 
tide stage. Beyond that distance, most of the data indicates that the concentrations within the 
dredge-induced plume were relatively low, decreasing rapidly under the combined effects of 
settling, advection, and turbulent diffusion and mixing. 


3.3. DAISY Deployments 


The bottom-mounted instrument array (DAISY) collected data from October 25 to 
December 7, 1993. The instruments on the array sampled conditions approximately one 
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meter above the bottom in water 4 meters deep. The DAISY was serviced once during the 
deployment period on November 11, 1993, at which point data were downloaded and sensors 
were examined for biofouling and cleaned by divers. The array was inadvertently moved 
from its original position of 41°17.008’ N, 72°54.973’ W and redeployed at 41°17.018’ N, 
72°54.966' W. This movement, of just 20 meters within water of the same depth, is 
considered insignificant for the purposes of this study, and the data are treated as if they 
were measured at one location. The resulting time series from the DAISY sensors for the 
entire deployment period is presented in Figure 3-26; A-E. A statistical summary of the 
hydrographic parameters (current velocity, temperature, and salinity) is presented in Table 
3-3. 


The area is characterized by relatively low energy with current speeds rarely 
exceeding 20 cm-s! (Figure 3-27; A); the overall mean velocity is 6.3 cm:s’. There is a 
bidirectional tidal signal (Figure 3-27; B) although with a fair amount of spread about the 
principal axis, a result of the low current velocities. Using the methods of Mardia (1972), 
the mean direction on the ebb is 184° True and-on the flood, 356° True. The average 
velocities are the same for both flood and ebb, although the ebb displays more variability and 
a higher maximum (Table 3-3). Energy spectra (Figure 3-28) show the north-south (along 
channel) component stronger in magnitude than the east-west (lateral) component and that 
most of the energy occurs at the semi-diurnal period of 12.42 hours (2 cycles per day). The 
data was of sufficient length, covering several spring-neap cycles, for determination of 
residual transport. Using a low pass filter with a 48-hour cutoff frequency, (Figure 3-29) the 
residual drift, at the DAISY site, is to the southwest with a velocity of 0.5 cm-s’. 


The time series of suspended material provided by the DAISY optical sensors indicate 
that background concentrations along the western margins of upper New Haven Harbor 
average approximately 8 mg-I'. During a tidal cycle concentrations range 15 mg-I', peaking 
at about 25 mg:I!. These values are consistent with the water samples obtained at sites 
throughout the study area prior to dredge operations, which suggests the suspended material 
field in New Haven Harbor is relatively homogeneous. The DAISY data show several 
aperiodic events resulting in concentrations approaching 100 mg-I" early in the deployment 
period and more than 700 mg-1" during the latter half of the deployment. The elevated 
concentrations observed on October 25 and then again on November 11 are the result of 
disturbances from positioning the DAISY array during deployment. The remaining 
perturbations may be the result of a variety of factors including the dredging operations, 
stream flow variations (indicative of rainfall events), winds and wind waves, and discharge 
from municipal sewage treatment facilities and CSOs. We explore the relative contribution 
of each of these parameters in the following paragraphs. 


Throughout the first half of the DAISY deployment period, a series of short-term, or 
spiky, high concentration events occurred (Figure 3-30; A) sufficient to increase suspended 
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material concentrations from near average values to more than 100 mg:I’. There appears to 
be no relationship between elevated concentrations and wind events (Figure 3-30; C and D), 
stream flow events (Figure 3-31; B), or municipal outflow data (Figure 3-31; C,D, and E). 
Wind speeds averaged only 5 m-s", and the mean river discharge is below average at 3 m*-s 
during this period. However, the dredge was operating in reaches 2, 3, 4, and 5 from 
October 25 to November 5 when the spikes are most obvious. After November 5, the barge 
moves outside of the entrance breakwaters to reach 8 (off the definition map in Figure 3-1) 
during which time the frequency of the spikes decreases dramatically. This suggests that the 
concentration spikes observed are most likely the result of intrusions of the dredge-induced 
sediment plume. The spikes are of short duration and tend to occur at times of maximum 
current velocity, evidence that the suspended material is being advected from a farfield 
source, as opposed to local resuspension which usually occurs just as tidal currents are 
increasing, or from sediment settling at slack water. 


During the latter half of the DAISY deployment period (November 11 to December 7, 
1993) several major events are recorded in the suspended material concentration data. These 
disturbances differ substantially in character from those that were observed during the first 
part of the deployment. In contrast to the short duration, spiky perturbations of the first 
deployment, the perturbations of the second deployment were longer lived and significantly 
larger in amplitude. These events also had a residual effect in that the average background 
concentrations increased to near 20 mg-I! (Figure 3-32; A). 


The first sustained event, beginning on November 19, persisted for more than three 
days and increased concentrations to more than 700 mg-1!. These concentrations exceed the 
maxima indicated by water samples taken in the vicinity of the operating dredge (Table 3-3). 
The dredge was working in Reach 5, 1 km south of the DAISY site. We believe this 
perturbation was not simply the result of dredge-induced resuspension. Even when the barge 
was operating much closer to the DAISY (Figures 3-6; A, 3-9; A, 3-10; A), resuspension 
events of this magnitude were not observed in the data (Figure 3-30; A). The dredge did 
move into Reach 2 on November 21, and may have contributed some amount of material to 
the final day of the event and possibly slowed the recovery of the system. Again, both the 
echo sounder and DAISY data indicate that the dredging process is incapable of producing 
such large amplitude and persistent perturbations at any site removed from the immediate 
dredging point. A more typical data record would show the sharp short-duration spikes in 
the suspended material concentrations (as seen in the first part of the deployment), not the 
long duration, high concentrations records observed here. There is no indication of increased 
stream flow (Figure 3-31; B) contributing to the suspended material field. However, effluent 
data from the nearby East Shore Water Pollution Abatement Facility (Figure 1-1) does show 
a significantly higher discharge of suspended solids (Figure 3-33; C) on November 19, a 
Friday, which could be the source material for the event. Records are not kept on weekends 
at the municipal facilities, and it may be that the higher than average effluent flow continued 
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over the next two days, Saturday and Sunday. An additional contributing factor to this event 
may have been the winds. Wind speeds during this time peaked at 10 m-s” out of the north 
for several hours (Figure 3-32; B). The fetch is sufficient and the winds strong enough to 
disturb the sediment-water interface at the water depths typical of this site. The wind, in 
combination with the increase in total effluent and suspended solids load from the sewage 
treatment facilities, appear to have been the principle factors producing this event. 


After November 21 suspended material concentrations decreased from the maxima, 
although instantaneous values often exceeded 100 mg:I' resulting in average values 
significantly above the pre-perturbation levels. Included in this portion of the record are 
several short duration perturbations most probably caused by the inshore migration of 
materials resuspended by dredging in progress within Reach 2. Again, the majority of the 
perturbations during this period show characteristics different than those expected for dredge- 
induced perturbations. This may be the result of a residual effect from the previous three- 
day event, increasing the overall background concentrations. 


On November 29 another large amplitude perturbation was observed, persisting for 
approximately 24 hours which does correlate with an increase in river discharge 3-5 times 
larger than the average flow. The salinity record shows a decrease of nearly 6 units on the 
practical salinity scale during the event (Figure 3-33; B). Records from the East Shore 
Water Pollution Abatement Facility (WPAF) do not indicate that there was a substantial 
contribution from this waste facility. However, there are 24 CSOs which discharge into 
upper New Haven Harbor; four of the largest ones are located south of the Tomlinson Bridge 
(Figure 1-1). Thus, although the data does not show significantly elevated effluent levels 
from the East Shore Facility, there may be a considerable contribution from the CSOs to the 
observed high concentrations. Potentially augmenting the increased river flow and CSO 
discharges, winds during the previous two days averaged above 10 m-s', and reached 
maximum speeds of 20 m-s" from the south. There is enough fetch to produce waves that 
would resuspend sediments at 4 meters depth, which then would have settled as the winds 
dropped and shifted to the north throughout the following day, possibly contributing to the 
high concentrations recorded. There is a similar event which occurred during the latter part 
of the day on November 30, again, possibly the result of stream flow 1.5 to 2 times higher 
than average, increased CSO input, and northerly winds. 


The final and highest concentrations recorded during the entire deployment period 
spanned two days—December 2 and 3. No major stream flow events were recorded during 
this time. Winds were initially northerly but shifted to the east during the second day with 
speeds less than 10 m-s'. There appears to be no significant contribution from the East 
Shore WPAF effluent. Although a northerly wind seems to have induced elevated suspended 
material concentrations in previous events, it is not likely that the winds produced the 
observed increase during this two-day period. A 700 mg-I' perturbation, persisting for 
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several days, represents a very large event, and winds would have needed to be much 
stronger and of longer duration. Other sources of suspended sediment sufficient to supply 
the mass needed to produce the large amplitude perturbations may be the additional regional 
outfalls and CSOs located throughout New Haven Harbor. Data sufficient to quantify the 
effects of these facilities on the regional suspended material field have been difficult to 
acquire. It seems reasonable, since all other contributions can be eliminated, that such 
sources may in fact dominate the observed events; however, the available data do not provide 
conclusive evidence. 


4.0 DISCUSSION 


The first objective of this field investigation on dredge-induced resuspension was to 
determine the normal background levels of suspended materials in New Haven Harbor 
immediately prior to and during the dredging of the navigation channel. The DAISY data 
indicate that, prior to dredging operations, background concentrations averaged 8 mg:I". 
After dredge operations began, short duration spikes on the order of 100 mg-I' were 
observed, but concentrations decreased to background fairly quickly. Only during the latter 
half of the deployment, when a number of environmental and anthropogenic factors 
combined, did the mass of sediment in suspension increase to a point where the background 
concentrations became consistently and considerably higher (20 mg-1"). 


The second objective was to monitor the plume of materials suspended by dredging 
operations to determine the spatial extent of the plume and its trajectory relative to the areas 
identified by the State of Connecticut Department of Environmental Protection as winter 
flounder spawning areas. The acoustic data obtained during the field surveys document that 
the sediment suspended by the dredging operations did, at times, migrate outside of the 
channel into the adjacent shoal areas. Excursions onto the shoals tended to occur during 
maximum tidal currents, and the plume was more likely to stay within the confines of the 
channel during early or late ebb tides. Unless the currents were at a maximum, the plumes 
became patchy, narrow, and difficult to identify within several hundred meters downstream. 
This is supported by the water sample data which show that concentrations drop fairly 
quickly away from dredging activity. 


The CTD data indicate that there is a slight decrease in surface salinity at the head of 
the harbor, and water sample data do indicate considerable freshwater influence in the 
surface waters immediately adjacent to the municipal outfalls. Elsewhere, the water column 
is well mixed and vertically homogenous, with minimal salinity or temperature stratification. 
This suggests that the water column had a negligible effect on the observed vertical 
distribution of the plume material. Other confounding factors which can influence the 
horizontal and vertical distribution of the resuspended sediment plume are related to the 
physical and logistical characteristics of the barge operations. This includes bucket cycle 
time, bottom sweeping, number of passes at a particular location, and disposal barge 
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movement and overflow (Collins, 1995). This may partly explain the plume traces on the 
November 2 ebb survey which are small and patchy; the bucket cycle was aperiodic and 
intermittent throughout the surveying period. 


The acoustic survey data also reveal that at the source of dredge operations the 
horizontal distribution of dredged sediments at the surface is extensive but tends to decrease 
with depth, i.e., conical in shape. This counters one of the more basic assumptions in most 
models of dredged sediment plumes, that of a homogenous vertical line source (e.g., . . 
Christodoulou 1974, Schubel 1978, Wechsler and Cogley 1977, Collins 1995). Some of 
these models also assume a widening, or increasing horizontal distribution away from the 
source. The acoustic data exhibit progressively patchy and asymmetric distributions away 
from the dredging source. Additionally, in nearly all cases the traces showed that the 
shoreward, or shallow water, boundary of the plume in the areas immediately downstream 
are more well defined than the deep water margin within the navigational channel. This 
characteristic appears to be the result of gravitational flows driven by the density contrast 
between the sediment laden plume and ambient waters. This contrast decreases at the deep 
water plume edge; the combined effects of particulate settling, advection, and mixing cause 
the boundary to become more diffuse and difficult to define. Such spatial variability in the- 
distribution of the plume sediment would seem to indicate that, unless models are able to 
reproduce these features, it can be expected that modeling results are overestimating the mass 
of sediment downstream and in areas receiving settling material. 


The DAISY data also indicate several instances when suspended material resulting 
from proximate dredging activities intruded out of the channel and into the shoal areas, as 
evidenced by suspended material concentrations much larger than background. At the 
beginning of the deployment period these events were quite well defined and short lived. 
Resulting maxima seldom exceeded 100 mg-I'. These events are similar to those previously 
observed during monitoring of dredge disposal operations within Long Island Sound (Bohlen 
et al. 1992) and are representative of the passage of relatively small portions of the 
suspended material plume. A majority of the spikes are occurring at times of maximum 
current, suggesting the material is advected from afar. If the site was a sink for the dredged 
sediment, spikes would occur at slack when material settled, and in the early stages of the 
tide, as the freshly deposited sediment would be easily resuspended. 


During the latter part of the deployment, the data show several major perturbations in 
the suspended material concentrations persisting over nearly two days during which maxima 
approached 800 mg-I'. Since for a significant portion of this time the dredge was operating 
well to the south of the DAISY site, the dredging operations cannot be identified as the 
principle source of these perturbations. Most of these larger events are clearly correlated 
with stream flow, wind stresses, and discharges from municipal outfalls and CSOs. 
However, the causes of the remaining events are not so obvious. There appears to be no 
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relationship with natural causes such as wind or rain storms. We can only speculate that 
there must have been other undocumented anthropogenic activities or discharges that may 
have perturbed the ambient concentration field. 


5.0 CONCLUSIONS 


The variety of data provided by DAISY and the echo sounder surveys indicate that 
dredging operations resulted in the transport of some amount of suspended material into the 
shoal areas flanking the navigational channel. At the DAISY site, this transport served to 
increase suspended material concentrations for a short period of time to maxima approaching 
100 mg:!', an order of magnitude greater than ambient concentrations measured prior to 
dredging operations. The effects of these perturbations on regional water quality and/or 
benthic habitat must be evaluated relative to the effects of the larger amplitude, more 
persistent perturbations produced by the combination of wind waves and outfalls. The 
DAISY observations suggest that, against these latter factors, dredge-associated resuspension 
represents a smaller amplitude and shorter duration perturbation. 
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Table 3-2 


Results of Water Sample Analysis 
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Bathymetric chart of the study area, New Haven Harbor, CT (from NOAA 


Figure 1-1. 
Nautical Chart #12371 - Scale 1:12, 800) 


New Haven 


Figure 3-1. Great Lakes Dredge and Dock Company’s reach definitions, 
New Haven Harbor 
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Sediment volume dredged per day from October 2 to December 3, 1993 


Figure 3-2. 
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Figure 3-3. Location of the dredge barge during each field survey 
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Figure 3-4. Meteorological data obtained from the Northeast Utilities Norwalk 
Harbor station: (A) wind speed, and (B) wind direction, measured at 
10 meters above ground level 
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Figure 3-5. Summary plots of the meteorological data: (A) rose histogram for 
wind direction (plotted as the direction from which it comes), and (B) 
wind speed histogram 


sojdures Jo}eM JO UONLIO] 94} YUM sidesueN pue uOTsod o31eq (gq) ‘JO9SURN Yo 


uO payeaurjap ournyd ay} JO soUEIINIIO JY} YIM SUOTIedO] JOoSURN puL UOTIISOd 93Ieq E66] “SZ 1940190 (VY) °9-¢ DANSLY 
\Seq SIOJOUI \Seq SIO}OUI 
0001 008 009 00r 007 0 0001 008 009 00r 007 0 


Oot ool 


ASIVG © 
yoosue ly, — 


002 Seg — 002 


O0€ O0€ 


00r jpofino 00r 
3 3 
Q Q 
00S 2 00S 3 
ZA 2, 
[o) (o) 
rat SL 
jar =n 
| 009 009 
See 
| 
OH + 00L 00L 
| XASIVA © 
yoosue1], — 
fey 008 008 
| | 
| AAS/GAE - SZ 1990190 
| | 
SUOHeOOT aides (q) 006 Sa ountd (Vv) 006 
I | 
! | 
| 
000T 0001 


"JSOM 0} SEO SUN B]IJOId sYT, “SZ 10q0}90 
UO adIeq JY) JO WeaNsUMOp sia}aU QGZ oUINid Jo sayoyed SuIMoYs | JOoSURI], JO d0eN) JopuNos OYdq *L-€ auNnsiy 


OS ~~—— 34 ¥811V9 


== 


mais 


PHIM DAVY yi FB Ya Yi Be} Ary HA YES ict ARE IE 4 B a 
neue 


Q svom ——— a Som = : aes -4-, ee 

. : = - - = - -- |-7 _ _ -—— : —-: FS oe 

PST ao = SUarn| fay pone cont ; 

: ST = a on es SS 

4 oa: 4} = = 
peered So ; : 
a 4 o Pi We 10 8 aay 

AM y ¥ 47 Py 1 


ySB9 0} ISOM SUNI B[YOIg “CZ 19qQ0}9O ‘[[eJINo SuyeuIWN|]] poyuE oy) Jeu soeN) Jopunos OyDq °S-¢ JINSL 


a Te: 
Bo 
| 
| 


iia 


F 


ew 


: 


lh 
| 


| 
| 
I 


li 


a Bali 
. Pat 


CLAD aL { 
imine Ero Gn Ad Recor rv AE 
yh Fr iemru tia ieerrasrcr bu 
i .. 
MR YF 


1334 NI H1d30 


sojdues GLO pue JojeM JO UOT}BIO] OY} YAM sjoosues) pue uolisod os1eq (q) :Jo9sUeN YORS UO palvoutjap 
guinjd ot) JO soue1INI00 oY} YIM suOTBdO] Joasue) pue UOMISOd oS1eq (POOTJ) C661 “7 JEQUISAON (Y) 


O00T 


008 


JSvY SJOJOU 
009 OOr 007 


| 
suonvooT giduies (q) 


| 
| 
| 
| 


007 


00r 


009 


008 


0001 


0071 


oor! 


0091 


YON siojour 


0001 


sey SI9JOUW 
008 009 00r 007 0 
0 
00z 
00r 
009 
yefino Ce 7 
f 008 
0001 
00z1 
ASIVa O 
yoosuely, — 
odreg — OOrl 


poo|y - 7 IequIsAON, 


syuny ound (W) 4 0091 


"6-€ ANS 


YON siojour 


sojdures G.J,D pue J9}eM Jo UOT}I0] OY} YIM s}oosueN pue UOTIISOd a81eq (gq) {}OesUeN YORo UO pa}eouTap 


auinjd ay} JO soUlN1INI90 oY) YIM sUOTIeIO] JDESUReN pue UOTIISOd a81eq (qq2) E661 ‘Z JOQUIOAON (YY) “OT-¢€ ans 
JSBq SJOJOUI JSPq SJOJOUI 
OO0T 008 009 OOr 007 0 0001 008 009 OOP 00d 0 


00r OOr 


009 009 
a a 
008 a 008 a 
Z Z, 
2 2 
jar jor 
oo 
Ode OOOT OOOl 
dLO * 
poosuely —— yoosueiy — 
odieg — o3ieg — 
q O007cI O07I 
qd - Z Joquiovon 
suoneooyy ajduieg (gq) 4 0041 s}wury sunt (Vv) O0rI 


0091 O09T 


"JSOM O} ISB SUNI IOIq “7 JOqUISAON ‘[auURYyd 
UONSIARU JO JNO PUL JUSLINOUMOP SIDIOUI OOH ‘GH JOOSUBIL, BUIUUNI JTIYM PoAIOsgO suINjd oy) JO YyoIed "TI-¢€ aunsiy 


SLveeinvo——— > py 


recs 


SU , j 
0 nt er 71 & 
Doan TSE Na lel AON RA WE Pad WRN —= ani RAL Ta eeDKCas DURE 
OU des SAU CAPPS BK dh Bo SAS MS ANd REA sora eed AA Paes Pat aad eh 


ara FRE 50) 
$4 IM: ad ae aun bel yA: MCCA RAUL Bea 


“JSOM 0} JSka SUNI a[yoig ‘JouuRys uOHesIAeU ay) JO 
OPIS Wa}sea ay} Suoye JUSLINOUMOP SJO}OUI YSZ Po}ooape Udaq Sey yey) Yojed ounjd e& SuIMoYs ‘[][¥# JOoSUeI], "TI-¢€ ans 


$= SS 


Pel | Sioa ed [he eee | ae eae P Sal REP REZPOV ENT OD We-PY 


Taree = FOE Darel ae 
LICHT OSD ORR abby Sap heey ERSN SET (Cd SHAE OER ; ba - b 
—— ee ns SRE EE aCe : ae 5 ia eae are Dore. 
: Soca: Capea ak See ‘I ‘ Rape aay = si 
: 5 Aanml ia Hi| ios : 
Sey 1 oral Be A ea eas 
pee Z| 
a 
eT 
ee aed RT AE 
ee eee 


. 3 
il 
iP 


| 
i 


ERY 6 WX. ze sala 


>a Aca SA Ra 
a 
coresotes 


A 
| 
i] 


pak ot 
72. 
ie 
‘ = H 
5 i 
i z 
- eal | 
i 
s 


Riad sce 
edt Wad oH 


Up abp le i UEP SES 1G ae ats 
er Fels aealcaa re oc Nom te Aa aes 
| @® -SNI'SASASNS NVaDO 


— s poe He 


m 
13] 


PLD DINO Y PR OS MGT: 
: rier eidiaenah ea Jot 
ee a VEN om nase, 


sojdues QLD pue Jovem Jo uONedo] aI) YM s}oasueN pue UOTISOd 981eq (gq) ‘O9SURN YORE 


Uo payeouljep ound ay} JO 9dUIIINIDO VY} YIM SUOTVOO] JOISURN) pue UOMISOd a81eq E66 “E IAQUIZAON (V) "ET-¢€ aINnsLy 
yseq SIo}our yseq SI9}9u 
O00I 008 009 00r 007 0 OOOT 008 009 00r 00¢ 0 


07H + 0 0 
anne) 3 JOosueIyT, — 
yoosuet], — 
002 00z 
qaq - € JequiaAoN 
00r sun ound (Y) +004 
009 009 
A 8 
fe @ 
00s # og & 
a = 
ee EE 
0001 0001 
00ZI 0071 
001 OOrT 
0091 0091 


"ISOM O} SLO SUNI B[OIg “¢ JOQqWOAON UO odIeq OY} 
JO JUSLINOUMOP SIDIOU CZ] ‘6 # JOSSULI, JO Bde] JopuNOs OYda oY} UT sIquIOO}ap ouINTd ay) Jo soyoyed yIeq *pI-€ eansLy 


5 aero : 
o » 


ee eeren fa ee asks pe iba 
Dagsene oe Seattle te 


=) TENE BAUNS NIVSOG 


1166259 ON 


so[duies Ja}eM JO UOMO] 9Y} YIM s}oasue.n pue uOoTsod a31eq (q) ‘199SUeN YoRa UO pajeouTTap ouINjd 


JY} JO QOUSIINIIO dy} YIM suONeIO] 199SUeN pUe UOT}ISOd a81eq (ABAINS qqe ISIIJ) E66] ‘[] JOQUIDAON (VY) "ST-€ ound 
\seq Siojou jseq SIOJOUI 
000l  —-008 009 00r 007 0 000l 008 009 00r 007 0 
I 
| 
H 0 0 
OCH + H 
yoosue1y, — H yoosuel], — 
I 
eos | 00z 002 
| 
| 
| 
| 
00b 00r 
+ 
+ 009 009 
——l 
| a a 
Se omen a g 
oog # oog # 
Z Zi, 
g ° 
H jor = 
unqgastq "| 0001 0001 
\\ 
| 
| 
O0zI O0zI 
\ 
#994 - LT Joquioaon 
| 
suoreooT ajdureg (q) | OOrI syunry ound (Vy) OOrT 
0091 


0091 


\ 
| 
{ 
\ 
| 
i 
i 
| 
| 
| 
| 
| 


"ysvd 0} ISOM SUN B[O1d *[] JOqUIOAON ‘JouueYD oy} Jo Arepunog wlsjsva ay) SuOTe 
JUALINOUMOP SIOJOUI GZS Palooape ‘L7H JOOSUBIL JO SPI0IEI JapuNos OYSe oy} Woy ouINTd ay} JO SOdeL, *OT-€ ANY 


= eer Te 
A ively 


SSS Sem imag x 
Sanh alt refit | 


U 
petty RIV) Tyresbraytiead ay cy 
FIR AR ea aia SIEM MAU CHEC: H 
BLL OY SABRE Ud AGRI CAAES AUR PADMA CAO TER ’ eth 
Pech yp PT Wr arnt mat 
~Dis he H a eo s ET tdi 
Tarai i MITRE aLisiaLi peg w rates peer 


ex “OAH ‘GATLIASNES nuza! 


so[duies 1a}e@M JO UONLOO] OY} YIM s}oasueI) pue UONTsod ad1eq (gq) -199SURI) YORE UO poyeoUul[ap ound oy} 


JO J0UdIINIDO SY} PIM suONedO] JOesURI] pues uontsod a8ieq (AdAINS ga puOddeS) E66 “TI JOqUIZAON (Y) "LIE wansyy 
yseq S1OjJOW yseq S1OJOU 
0001 008 009 0) 007 0 0001 008 009 00+ 007 0 


007 007 


GLO * 
yoosue1], — 


od.1eg — 


yoosuely, — 
ose g — 


00r oor 


009 009 
3 3 
oy Q 
S @ 
008 % 008 *% 
Ze ra 
(e) [o) 
at er 
[=r jer 
OOOT Oool 
00cI O07I 
THAAA - [1 Joquisaon 
suoljeo07T ojduieg (gq) 00rI spun] ound (V) O0rl 
O09T O009T 


DCEAN SURVEYS, INC. ©) 


AHI 


eS Ww) 


PUNTO MY U.5.A 


nity 


eytc: : 


a 


LESDPENN gfe 
Bats 


Ar tall 


Sete Pe Been 


TU 


pHalic a) 
RE 


tik 


io ai 


al ft 


=~" 


ibs ALS 


ithe a ESTAS Ts 


1 


Ant AAUGTML URS EASTHR 


fle 


BERANE TY A 


YR 
yg 


i janie Bi 
‘ rR vie ay Uk 


yy 
mah 


BASIE TARE CaS pe 


bik 


Cab it 


EM TAT 


Y 
BULLAE ael ua BL q 


y 


HM 


F961] 
aperarnas apa 


Ge allie) Wale) 
9! 


arse 
he i ES Rage! 


AMT fer 
uit 


Rada 
CRETE 


12) | 


() 
jell ae | (SSS 
aS aa 
[= aes | (ee 
Gaerne ees} ieee Sree Fea 
aa] errs] 
ae] ane] 
eae ee ee ee 
SS ates] 

0 30 


Saati 
+143: 


S 


180 


- 200-———— CALIBRATE 


~{00C-—— CALIBRATE 


CALIBRATE: 


Echo sounder record from Transect #31; portions of the plume have been advected 200 meters downstream 


along the eastern flanks of the channel, November 11... Profile runs east to west. 


Figure 3-18. 


"ISOM O} JSVI SUNI I[IJOIg “juoLIND AjIsuap B JO soNsuajoeIeYO YIM ouINyd yUsUIIpes pasporp 
oY} JO sjdwexe ue SUIMOYsS ‘][] IOqUIOAON UO a8Ieq OU) Jo Ye snl ‘7Z# JOoSURI], WOIJ JOR) IopuNOs OYDA "6I-€ BANS 


| ill 


Savy sl tv9o ————“ 9 


HI 
Ht 


LC 


ae 


mT Tin OM 
SRS CPO WA? NH A | SP 
eee est Kn 00] RACAL MH) 


as 
eeaarates 
if aot aes 
are, [ze 
ae L 77 
(EH 43 Trae Hott 
PR SRR HA 1 62 Ba MTA Fj + CHAU SEALS RT aan a 
La ret Piet! | = ldo |S} —_— 


@® ‘on SASAGNS NSO 


a in i 


a ten 


"0Z-E 9ANSLy 


sajduies 19}8M JO UONIO] Ot) YIM sjogsueN pue uOTIIsod a81eq (gq) ‘JOESUeN YoRd UO 
paleauljap ournyd ay} Jo ouaIINI90 ay} YIM suOTIedO] JOOSUeN pue UOIISOd a31eq EGG] ‘ST JOQUISAON (VY) 
JSbq SI9JOUI 


\seq S1ojour 
OOOT 00S 


0001 


00S 00ST 


00s1 
00S- 


poosuely, — 


0007 


aL x 
yoosuel], — sp 
o31eg — 0 0 
00s 00s 
) 5 
a a 
fe s 
a a 
| é =< sh g 
ie S | Obi nai ae > 
ie 1 0001 | | 40001 
| ! ! 1 
| | | | 
| i ! i 
/ ! ' | 
1 ( { { 
! ! ! | 
i | i ! 
H | pooyy - S[ TequisAON 
| ! 
suoneooy odes (q) | | 00S1 suury ound (vy) | | O0SI 
i i 
! | ! | 
! | ! | 
! | | | 
| t ( | 
! i | | 
=| i 
I ee 
bol im 0002 
| \ | | 
| | | | 
| | | \ 
| | | | 


FAN AE Te 
tp! ihe is 


BUA WAT iE BER, 
{tc ome 53s Hen] 
[Sees | 
(ake 
[Ee 
[Pe aie | 
(a S| 
{eee eee 
ee 


ATI OEE STATA Sad BOLT: 


AR. OPS WTO CPE FT REST 


es ST 


A ULI BH PEL SS 

ORMOLATOL IS 
RREURS a ATT 
| emesee re | 
[ae een | 
=r 
[eee 
(eee 
SSS 
Sa aa] 
b) 

Aas EOL 2 
yee UP ity 
[esses Taf Sec a 
EE ea 
eA 
em 
[Ayer 
jueNcer eo) | aes 
ees Wa 
eee 
ae 
ea eae ene 
SSS 
[Ears ae 
[ See eeaE TS | 
[eee | 
Lae 


Sel fe ‘Wy. B 
SAL ADT ORE TOC AAT? 2 aN a acl! Ua 


CALIBRATE 


SH Pa as Be SG HE TAS Pat 
Po ge li ad 


= a 
g be Bea 
A Bs H 
- ee : 
aa Be 2H 
eae | |e + 
mange pane 
fy :O; eis 3 
agaeee lic 
aE a 
Bt) Este aei- 
f a 


AE ATA mB 


Poe 14 
if 


Ce PAV OTE yh ye $7 


FOL WL 
{RES yt 
Rana 
Ee 
eae S| 
Sa 
ee 
[Peers eal 
SaaS] 
Ea 
=e 
re 
[[taeemen eee 
aaa 
50 

(rere 
Perea eek 
eel 
fea 


va Bad 


i AR RN 


ey WY Pa Gr er 


ay patter 


Ge BAST 
OWLCUr 
< 


VEST RU 
Le) EE PE 
{ey at ea NE 
[Soe eeraoeee Wace | 
[sca | 
Eas) 
G 
ae 
[fama ee | 
ae a 
=a) 
aa] 
aa 
reel 
aaa 
-00————__CALIBRATE 
ee ee 
peancea: Seer a] 
aes 
[ee eS] 


5 ue Mesh al bec a 
iA 


futeney taSecsres ta) 
ESSE 
esas Sd 
(Ge ee | 
aed 
(ae | 
eee 
Sara 
p= eA YDS Sai 
RE BLD 
RTA 
Een rT) 
aaa) 
aaa 
=e 
| eee Se 
SSS 
Saas 
Sse 
ESS 
SaaS 
| eae ee | 
Lae) 
Ea eee | 
Rages Ree 
[een | 


Seika hal So ake Hk ah 


Ty AR Pe RT Ce Dears 


BE 
: AA 


rath MARANA 


ar a. 


iy NTH Bay i ch 


Mbeki: 


oot 
Poe hocan 


EN 


Patches of the plume observed in the shoal areas of Morris Cove, 650 meters northeast of barge operations. 


Profile is from Transect #39 recorded on November 15, and runs west to east. 


Figure 3-21. 
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Figure 3-26. Time series plots for the complete DAISY deployment period, 
October 25 to December 7, 1993 
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Figure 3-27. Summary plots for the DAISY current meter data: (A) rose histogram 
for current direction, and (B) current velocity histogram 
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Figure 3-28. Energy spectra for the velocity components (A) east, or u component, 
and (B) north, or v component. Dotted lines represent the 95% 
confidence limits for the spectral estimation. 
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Figure 3-29. The low-pass filtered data, represented by the solid black line, plotted 
over the original time series for each velocity component: (A) east, or 
u component, and (B) the north, or v component 
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Figure 3-30. |The suspended material concentration data compared with wind and 
current data for the first half of the deployment, October 25 to 
November 11, 1993 
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Figure 3-31. The suspended material concentration data compared with stream flow 


and effluent from the East Haven Pollution Abatement Facility for the 
first half of the deployment, October 25 to November 11, 1993 
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Figure 3-32. Enlargement of the period during which the largest SMC 
perturbations were observed, November 16 to December 6, 1993. 
Concentration data are compared with wind and current data. 
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Figure 3-33. The suspended material concentration data compared with stream flow 
and effluent data obtained from the East Haven Pollution Abatement 
Facility for the period November 16 to December 6, 1993 
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Beginning segment of Transect A acoustic profile surveyed on 25 October 1993; profile runs west to east 
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Middle segment of Transect A acoustic profile surveyed on 25 October 1993: profile runs west to east 
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End segment of Transect A acoustic profile surveyed on 25 October 1993; profile runs west to east 


+ wit, 


ane a 
. on 
: wp 
ioe F 
ast 
4 

f be 


Mr a A ll 
I ites! : TAT i 4 i a A 
q oo ~% oH 


al 7 it 
ili is 
Cn J 


“rar ry. 


‘a 
1? yay 


au 
iM i MA i | 
J I i al 


aa dil 


WW Ys fa 
A 
aa bs 


: cal ili il lil Mi 
I’ ae z -~AULEL 
ah i | 


ia 
= 


wtE———— 60 


Beginning segment of Transect B acoustic profile surveyed on 25 October 1993; profile runs east to west 
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End segment of Transect B acoustic profile surveyed on 25 October 1993; profile runs east to west 
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Transect E acoustic profile surveyed on 25 October 1993 


———__—_—_— ———___—_— 


3se9 0} Jsom sun oplyord ‘¢66] 3940100 Cz UO paXaans aItJoI1d ONSNODIe i yoosuel |, 


i r 
Bee 


b * 
Ss z fe. 


ADM race et 
pen Rg ep 


é 


HM 
BeRGelaae 
mewn 
eel 
GbE? 


_ 

_|__ _ 

Si 7 I oe 
[aon aay 

Sze 


IRAE 
HI 
Seana 


[..y 
ESS REY. Feet STA SS eI 


a os os) oa 
ft 


TEL DN HEL TTS 
FG AR SVS ETE 
7% Fees 
BASRA TOY MT Ce IM TE ous Gals EF, Paes pated gw Faria Ob or Eee TN ROH RTT EME Had CSS AOL TT Se TRACT EST OTA 


of hy a A = 
PARE BALE ot RE EOD PEM ADI NOH 
brea NTR PSSA LAS nos rst, 


}SaM O} Jsea SuNI a]IJOId {¢66] 19qQ0190 SZ UO pataains afyoId oNsNoDe H JoosUBI], JO JUaWdas dulUUIdag 


Erin be 


ll yz 


d Ll 


gicioickiw 


| 


ares) 
area orn | iia 
(EN BAS ee 
pO CAT erg | BY 


a 


iD) ay 
D 


cad a; ete 
7-1 91333 Ml H1id30 - 


ISOM O} JS¥9 SUNI J[IJOId '¢66] J0q0}OO SZ UO peAdAINs aTIOId ONsNooe 9 yOosueI], Jo juoulos pug 


by 
— 
Mm 


—— = 


VanIWQ ———, 


ll 
intl 4 


| 


| 
hy 


W062) CALA 
SCRA ROLES BANS AT 


TUR: URE HT” 


A Rs - 8 es 
Le wey oS TREY - 4 Te. TiS RA VT AREER 9S SS ET 
Mt wh A A b 


hr . 
NI 
il 
=f 
: 

i 


: 
Z 
24 


SOPH NE FUE Deh te ey”: haa thle Adve vy hts MB 
PT Wabi Arte ANG A. dg Sy Ig Aide re foe” phy? rept bir/g ~ Rubs 


“DEPTH IN FE 


Vibrant pup getoea 
. \ 


AY aid 


$ 
sf 


HAT fy CH ben? 


+ TBA a 


5 bs 


sah 


ee 
CPE DALAT 


Rai Efi 


GURY m 
An LEU ROLE TY 620, TI 
itr she 


S CWE ELD, 


Aude rence Tak: 


de, 


: he 
2 
a, 


a : : 
se : a. ? mt 
xe els le : 
a f f 
a A 
i 


eed il ou dels rl 


Ha eT 
! a 


. 
: a 

ra ‘ 

Sata AF SU fe 

cy at Gi 
al x 


46 


: , qibacen 
om ey 
al 
ie BS oe 
een 


| : A i Ah | 
Ne ae a cl 
Beet || | tt er 
inl a Ik 
s 


Beginning segment of Transect H acoustic profile surveyed on 25 October 1993; profile runs west to east 
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End segment of Transect H acoustic profiie surveyed on 25 October 1993; profile runs west to east 
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Transect I acoustic profile surveyed on 25 October 1993; profile runs east to west 
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End segment of Transect J acoustic profile surveyed on 25 October 1993; profile runs west to east 
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End segment of Transect #1 acoustic survey of 2 November 1993; profile runs east to west 
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Beginning segment of Transect #2 acoustic survey of 2 November 1993; profile runs west to east 
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End segment of Transect #2 acoustic survey of 2 November 1993; profile runs west to east 
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____ Beginning segment of Transect #4 acoustic survey of 2 November 1993; profile runs west to east 
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End segment of Transect #4 acoustic survey of 2 November 1993; profile runs west to east 
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End segment of Transect #5 acoustic survey of 2 November 1993; profile runs east to west 
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Beginning segment of Transect #6 acoustic survey of 2 November 1993; profile runs west to east 


SS SS Pe ae 
ete IS 
niilll L 
oa d 
<|- 


LSE AN eee Use a i 


Lt 
“ ore wt 
ee oe 
t ber wed: ; i. 
(AES Ee) EE VT EE A POA BES, Eoin 


.. *-OEPTH IN FEET ° No.Go299 wee FE . ae 


IN 


OCEAN SURVEYSING @ fF es 
mee HY beng tare ; f : 
ust mr <eh be u 


GALIBRATE————_5 0 


i 
| 
| 


yi 


Middle segment of Transect #6 acoustic survey of 2 November 1993; profile runs west to east 
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Transect #7 acoustic survey of 2 November 1993; profile runs east to west 
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Transect #8 acoustic survey of 2 November 1993; profile runs west to east 
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Beginning segment of Transect #9 acoustic survey of 2 November 1993; profile runs east to west 
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End segment of Transect #9 acoustic survey of 2 November 1993; profile runs east to west 
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Transect #10 acoustic survey of 2 November 1993; profile runs west to east 
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Beginning segment of Transect #11 acoustic survey of 2 November 1993; profile runs east to west 
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End segment of Transect #11 acoustic survey of 2 November 1993 
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Beginning segment of Transect #13 acoustic survey of 3 November 1993; profile runs east to west 
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End segment of Transect #13 acoustic survey of 3 November 1993; profile runs east to west 
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Middle segment of Transect #14 acoustic survey of 3 November 1993; profile runs northwest to southeast 
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End segment of Transect #14 acoustic survey of 3 November 1993; profile runs northwest to southeast 


CALIBRATE 


— CALIBRATE T 5, 


al 
ee all AN AU 


eit 
4 fills 


; profile runs east to west 


Beginning segment of Transect #15 acoustic survey of 3 November 1993 
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End segment of Transect #15 acoustic survey of 3 November 1993; profile runs east to west 


ate 
ae 
a ' 
% 
at : 
4 


= 


we 


ie UN eck 


‘a 


Cane: 
a. 
sal 


oe iit Ht 


ili i 
ss a a al 


bd as Salud 


vet eye 


ke i 


ae 


° 
Y=) 
fy: 
Th 
yw 
LS 
‘< 
BCs 
i] 
i 
.< 
.O 
1 
zi 


Beginning segment of Transect #16 acoustic survey of 3 November 1993; profile runs east to west 
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End segment of Transect #18 acoustic survey of 3 November 1993; profile runs west to east 
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Beginning segment of Transect #19 acoustic survey of 3 November 1993; profile runs west to east 
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End segment of Transect #19 acoustic survey of 3 November 1993; profile runs west to east 
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ment of Transect #20 acoustic survey of 3 November 1993; profile runs east to west 
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Beginning segment of Transect #21 acoustic survey of 3 November 1993; profile runs west to east 
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End segment of Transect #21 acoustic survey of 3 November 1993; profile runs west to east 
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t of Transect #22 acoustic survey of 11 November 1993 
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Transect #23 acoustic survey of 11 November 1993; profile runs west to east 
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End segment of Transect #24 acoustic survey of 11 November 1993; profile runs east to west 
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Beginning segment of Transect #25 acoustic survey of 11 November 1993; profile runs west to east 
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End segment of Transect #25 acoustic survey of 11 November 1993; profile runs west to east 
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Beginning segment of Transect #26 acoustic survey of 11 November 1993; profile runs east to west 
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End segment of Transect #26 acoustic survey of 11 November 1993; profile runs east to west 
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Transect #27 acoustic survey of 11 November 1993; profile runs west to east 
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Beginning segment of Transect #28 acoustic survey of 11 November 1993; profile runs east to west 
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Middle segment of Transect #28 acoustic survey of 11 November 1993; profile runs east to west 
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End segment of Transect #28 acoustic survey of 11 November 1993; profile runs east to west 
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Beginning segment of Transect #29 acoustic survey of 11 November 1993; profile runs east to west 
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End segment of Transect #29 acoustic survey of 11 November 1993; profile runs east to west 
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Transect #30 acoustic survey of 11 November 1993; profile runs west to east 
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Beginning segment of Transect #31 acoustic survey of 11 November 1993; profile runs east to west 


nd 


Se ae EAH 


Hu i 
1 Ni " Fa 
is Ll [ir 
Ny a 

bi 

A 


: 
He |i | 
: ul 


SST 
DEPTH IN FEET a's 


: Hi 


resin st 


Bt ty “3 Ha 


Pr DC (EL 

pre, eae he pte UV ee 
Te POUR MLSS 
nue 


Ee ae eee oes 
a RECT iS CAL 
recat pa | 


t 
> 
z 


ee ae 


eINERI: 


2 


Una Me sid B 
pe bstAcy TN fin! « 


End segment of Transect #31 acoustic survey of 11 November 1993; profile runs east to west 
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Transect #32 acoustic survey of 11 November 1993; profile runs west to east 
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Beginning segment of Transect #33 acoustic survey of 11 November 1993; profile runs east to west 
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End segment of Transect #33 acoustic survey of 11 November 1993; profile runs east to west 
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Beginning segment of Transect #34 acoustic survey of 15 November 1993; profile runs east to west 
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End segment of Transect #34 acoustic survey of 15 November 1993; profile runs east to west 
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Beginning segment of Transect #35 acoustic survey of 15 November 1993 
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End segment of Transect #35 acoustic survey of 15 November 1993; profile runs west to east 
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First of 4 segments for Transect #36 acoustic survey of 15 November1323;..nrofile uns, east to west 
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Second of 4 segments for Transect #36 acoustic survey of 15 November 1993; profile runs east to west 
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Third of 4 segments for Transect #36 acoustic survey of 15 November 1993; profile runs east to west 
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Fourth of 4 segments for Transect #36 acoustic survey of 15 November 1993; profile runs east to west 
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Beginning segment of Transect #37 acoustic survey of 15 November 1993; profile runs west to east 
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Middle segment of Transect #37 acoustic survey of 15 November 1993; profile runs west to east 
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End segment of Transect #37 acoustic survey of 15 November 1993 
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First of 4 segments for Transect #38 acoustic survey of 15 November 1993; profile runs east to west 


no ms j i ‘ = 
p / 60 : 
if 
ey a rw ee wee ar Wey oy oe ee . "Petes ab ad. aE 


pies 


200———— CALIBRATE——- 50: 
EEE ae] aes Eee] 
See Ree] Sea ae 
eee) a ee Ree) ee 
See a] ey 


———— CALIBRATE 


0: eS oom 


profile runs east to west 


Second of 4 segments for Transect #38 acoustic survey of 15 November 1993 
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Third of 4 segments for Transect #38 acoustic survey of 15 November 1993; profile runs east to west 
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Fourth of 4 segments for Transect #38 acoustic survey of 15 November 1993; profile runs east to west 
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First of 5 segments for Transect #39 acoustic survey of 15 November 1993; profile runs west to east 
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Second of 5 segments for Transect #39 acoustic survey of 15 November 1993; profile runs west to east 
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Third of 5 segments for Transect #39 acoustic survey of 15 November 1993; profile runs west to east 
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Fourth of 5 segments for Transect #39 acoustic survey of 15 November 1993; profile runs west to east 
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Fifth of 5 segments for Transect #39 acoustic survey of 15 November 1993; profile runs west to east 
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Beginning segment of Transect #40 acoustic survey of 16 November 1993; profile runs east to west 
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End segment of Transect #40 acoustic survey of 16 November 1993; profile runs east to west 
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Beginning segment of Transect #41 acoustic survey of 16 November 1993; profile runs west to east 


ts cmbaeeal desnebee pecrulrd : re 
ORG S27 A A RT TI. HBT f 


WARSG ET LE 


= “1a totuarha diteal 
a if 
Raa] 
| Rae eS 
=e 


PAGS LA 


LECT AIO is IR Bd RICO BTS 


ADELE 11 c0 Yall GL 


AMIR I WD 749s Load LAST Bch 


Ty ity = ors Fu ns 


aah CUO 


“= yk MOU TATA aha? 


1 AucinaikA ADMIN 
Uh AUTRES 


aan ROT EA | 


il . his ni 

ih 

il ii ins Shee ak 
Ns 
| " : modi it 


7 
r 


FODUIRARL A EA 


c) 9° A (= iF SS 
EI. {-} |. | | Be 


ecRMFY MLS 


| 
! 
| 
| 
| 


End segment of Transect #41 acoustic survey of 16 November 1993; profile runs west to east 
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End segment of Transect #42 acoustic survey of 16 November 1993; profile runs east to west 
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segment of Transect #43 acoustic survey of 16 November 1993 
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End segment of Transect #43 acoustic survey of 16 November 1993; profile runs west to east 
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Beginning segment of Transect #44 acoustic survey of 16 November 1993; profile runs east to west 
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End segment of Transect #44 acoustic survey of 16 November 1993; profile runs east to west 
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Beginning segment of Transect #46 acoustic survey of 16 November 1993; profile runs west to east 
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Middle segment of Transect #46 acoustic survey of 16 November 1993; profile runs west to east 
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End segment of Transect #46 acoustic survey of 16 November 1993 
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Beginning segment of Transect #47 acoustic survey of 18 November 1993; profile runs west to east 
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End segment of Transect #47 acoustic survey of 18 November 1993; profile runs west to east 
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Beginning segment of Transect #48 acoustic survey of 18 November 1993; profile runs east to west 
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Beginning segment of Transect #53 acoustic survey of 18 November 1993; profile runs west to east 
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Beginning segment of Transect #54 acoustic survey of 18 November 1993; profile runs east to west 
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End segment of Transect #54 acoustic survey of 18 November 1993; profile runs east to west 
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Beginning segment of Transect #55 acoustic survey of 18 November 1993; profile runs west to east 
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End segment of Transect #55 acoustic survey of 18 November 1993; profile runs west to east 
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Beginning segment of Transect #56 acoustic survey of 18 November 1993; profile runs east to west 
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